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A molecular absorption method is proposed for the determination of phosphorus in biodiesel. The
samples are mineralized using an ashing procedure at 550 C followed by dissolution of the residue.
The analytical procedure is based on the formation of a blue molybdenum complex. 1-amino-2-naph-
thol-4-sulfonic acid is used as reducing agent. The method was applied to biodiesel samples prepared
from soy, canola and sunﬂower oils and from bovine fat. The limit of detection is 0.57 mg P kg1 and
the limit of quantiﬁcation is 1.7 mg P kg1. The observed mean relative standard deviation is about 5%.
The simplicity of the procedure added to its precision, accuracy and low cost suggest that it is an excellent
option for the determination of phosphorus in biodiesel.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction to the argon. They obtained excellent detection limits for theBiodiesel is deﬁned asmono-alkyl esters of long chain fatty acids
derived from vegetable oils or animal fats, which conform to spec-
iﬁcations for use in diesel engines [1]. It is obtained through a
transesteriﬁcation reaction where a triglyceride reacts with a short
chain alcohol such as methanol or ethanol, also producing glycerol
as a byproduct. Commercial biodiesel must be in accordance with
speciﬁcations determined by organisms such as ASTM in United
States and ANP in Brazil. Among the parameters established in
the regulations, some came from mineral diesel norms and others
from analytical procedures for oils and fats. Therefore, efforts have
been carried out envisaging speciﬁc analytical procedures for the
control of several parameters concerning biodiesel quality [2–4].
According to the regulations, the elements that must be quanti-
tatively analyzed in biodiesel are Na, K, Mg, Ca, P and S. Phosphorus
eventually present into biodiesel comes from the raw materials
used in its synthesis where occurs normally as phospholipids.
The maximal content allowed in biodiesel is 10 mg P kg1 as high
concentrations of this element can negatively act on catalytic auto-
motive converters [5]. Presently, the European and Brazilian norms
recommend the analytical procedure EN ISO 14107 (ICP OES). The
Brazilian regulation also recommends the methods NBR 15553 (ICP
OES) and ASTM D 4951 (ICP OES).
The great majority of the analytical procedures present in the
literature for the quantitative analysis of phosphorus in biodiesel,
focus on ICP OES. Edlund et al. [6] proposed the addition of oxygen: +55 19 35213023.
o).
r OA license.determination of Na, K, Mg, Ca, Cl and P. The method proposed
by Santos et al. [7] uses ethanol to dissolve the biodiesel sample
and yttrium as internal standard in order to compensate transport
interferences. The detection limit obtained for phosphorus was
0.5 mg P kg1. Souza et al. [8] used Triton X-100 to obtain emul-
sions of biodiesel samples with water and used inorganic phospho-
rus as standard in an aqueous medium.
Woods and Fryer [9] proposed a procedure where biodiesel is
dissolved in kerosene with posterior determination by ICP MS. Re-
cently, Lyra et al. [10] reported a method relating the direct deter-
mination of phosphorus in biodiesel by GFAAS, using an accessory
for solid samples. The detection limit is 1.2 mg kg1.
A very interesting technique for the determination of phospho-
rus is molecular absorption spectrophotometry in the visible re-
gion of the spectrum, based on the formation of blue colored
molybdenum complexes. Such methods have been used for the
determination of this element in canola oil [11], meat [12], water
[13–15] and plants [16]. Most of these methods use the reaction
of phosphate with molybdenum in the presence of a reducing
agent. The dark blue species formed is spectrophotometrically
determined in the visible region of the spectrum [13,17,18].
PO34 þ 12MoO24 þ 27Hþ ! H3PO4ðMoO3Þ12 þ 12H2OH3PO4ðMoO3Þ12 þ reducing agent! phosphomolybdenum blue
In the present work, a quantitative procedure is proposed for
the determination of phosphorus using molecular absorption spec-
trophotometry in the visible region of the spectrum. The sample is
3486 E.L.C. Silveira et al. / Fuel 90 (2011) 3485–3488mineralized by ashing at 550 C followed by dissolution of the ash
with a 1.0 mol L1 aqueous H2SO4 solution. The development of the
blue colored complex is done using 1-amino-2-naphthol-4-
sulfonic acid as reducing agent [16].Fig. 1. Molecular structure of phosphatidylcholines: R represents a long carbon
chain that can contains double bonds.2. Experimental
2.1. Instrumentation
A Pharmacia Biotech Ultrospec 2000 was used for the absor-
bance measurements that were done at 730 nm using 1.00 cm path
glass cells.
2.2. Reagents, solutions and samples
All solutions were prepared using deionized water (18.2 MX cm
at 25 C) obtained from a MilliQ device.
All reagents used were of analytical grade (purex in the case of
lecithin). The stock solutions were kept in polyethylene ﬂasks and
stored under refrigeration at 4 C. The working solutions were pre-
pared daily by adequate dilutions of the stock solutions.
The ammoniummolybdate solution was prepared by dissolving
12.5 g of (NH4)6Mo7O244H2O in about 100 mL of water and adding
150 mL of a 5 mol L1 aqueous H2SO4 solution. The volume was
completed with water to 500.0 mL in a volumetric ﬂask. This solu-
tion was kept under refrigeration at 4 C in an amber bottle.
The solution of the reducing agent (1-amino-2-naphthol-4-sul-
fonic acid) was prepared by mixing 250 mg of this compound with
10 drops of a 15% w/v NaHSO3 (sodium bisulﬁte) aqueous solution,
forming a slush. In sequence, 97 mL of a 20% w/v aqueous solution
of NaHSO4 (sodium bisulfate) and 2.5 mL of an aqueous solution
20% w/v of Na2SO3 (sodium sulﬁte) were added. The solution ob-
tained was allowed to rest for 12 h, followed by ﬁltration using
quantitative analytical paper. This ﬁnal solution was put in an am-
ber bottle and stored in a refrigerator at 4 C.
The samples of biodiesel were prepared in our laboratory
[19,20] with the exception of the biodiesel prepared from rough
soy oil that was generously furnished by an industry.
2.3. Analytical procedures
2.3.1. Determination of phosphorus in the soy lecithin standard
The procedure used for the determination of phosphorus in lec-
ithin was based on the method proposed by Coks and Van Rede
[21]. About 0.5 g of lecithin was weighed directly in 80 mL quartz
crucibles, with an analytical balance. 2.5 mL of chloroform were
added to dissolve the aliquot, followed by 2.0 g of magnesium
oxide. The mixture was heated at 110 C for 15 min in a furnace
to remove the chloroform. The temperature was carefully in-
creased up to 800 C and maintained at this level for 2 h. After care-
ful cooling to room temperature, the ashes were dissolved directly
in the crucible with small portions of an aqueous 1.0 mol L1 H2SO4
solution (total volume 50 mL) and gradually transferred to a
100.0 mL volumetric ﬂask. Small portions of water were used to
wash the crucible. The volume of the ﬂask was completed to the
mark with water.
The analytical reaction was performed by transferring 1.0 mL
(glass pipette) of the prepared solution to 25.0 mL volumetric
ﬂasks (determination in triplicate). To each ﬂask 5.0 mL of the
molybdate solution was added and the mixture was carefully sha-
ken, followed by adding 1.0 mL of the reducing agent solution. The
volume was completed with water to the mark and the mixture
homogenized. The solution was allowed to react during 20 min.
The absorbance was determined in the spectrophotometer at
730 nm.2.3.2. Determination of phosphorus in biodiesel samples
Initially, experiments were done to verify if equivalent recover-
ing results are obtained when 550 C [16] is used to mineralize
samples instead of 800 C, as indicated by Coks and Van Rede
[21]. This was conﬁrmed so 550 C was used in this work for the
treatment of the samples. 10 g of biodiesel were weighed in an
analytical balance directly into quartz crucibles. In sequence were
added 0.5 g of magnesium oxide. After mixing with a glass rod, the
contents was calcinated in a furnace. The temperature was gently
increased in steps up to 550 C (1 h at 100 C, 1 h at 180 C, 5 h
at 250 C, 1 h at 300 C and 2 h at 550 C) in order to avoid loss
of sample. After careful cooling to the room temperature the ashes
were dissolved directly in the crucible with small portions of an
aqueous 1.0 mol L1 H2SO4 solution (total volume 25 mL) and
gradually transferred to a 50.0 mL volumetric ﬂask. The volume
was completed with water. 18.0 mL (graduated pipette) of this
solution was transferred to a 25.0 mL volumetric ﬂask where the
analytical reaction was performed and the absorbance was deter-
mined as described above.3. Results and discussion
3.1. Linearity
The analytical curve was constructed using external calibration
with aqueous solutions of KH2PO4, with the concentration range
between 0.5 and 2.5 mg L1. Considering the experimental correla-
tion coefﬁcient, R = 0.9996, good linearity was obtained. The equa-
tion that describes the analytical curve is A = 0.0019 + 0.145 C,
where A is the absorbance measured at 730 nm and C the concen-
tration of phosphorus in the KH2PO4 solution in mg L1. The limit
of detection (LOD) is 0.57 mg kg1 and the limit of quantitation
(LOQ) is 1.71 mg kg1.3.2. Accuracy (Recovery)
The accuracy of the proposed procedure was evaluated through
recovery experiments which are expressed as the recovered per-
centage of the total analyte present in the sample, the spike plus
the quantity naturally present.
Recovery experiments present an intrinsic limitation that is re-
lated to the form of the analyte used to spike the sample. This form
is not always identical to the one naturally present in the matrix, a
fact that can be reﬂected in the ﬁnal results, depending on the
chemical or physical treatments applied to the sample in order
to obtain the analyte in the detectable form [22,23]. Considering
this limitation purex soy lecithin, analyzed in our laboratory, was
used as phosphorus standard. Phosphatidylcholines are a class of
phospholipids having choline as an end group. They present two
long acyclic chains with 16–22 atoms of carbon linked to the cho-
line group through ester bonds with glycerol as can see in Fig. 1
[24].
Table 1
Recovery of the phosphorus added to biodiesel samples in the form of lecithin. Three determinations were done per sample.
Biodiesel Phosphorus concentration (mg kg1) Recovery (%) ±SD (%) ±RSD (%)
Added Expected Found
Bovine fat 0 – 1.90 ± 0.18 – – –
550 C 3.1564 5.06 5.64 118.1 6.2 5.2
5.6470 7.55 7.25 94.6 2.7 2.8
11.1143 13.01 11.47 86.1 4.6 5.4
Mean 99.6 4.5
Bovine fat 0 – 1.96 ± 0.18 – – –
800 C 11.1659 13.13 11.54 85.9* 5.3 6.2
Soy 0 – 1.87 ± 0.17 – – –
2.7500 4.62 4.72 103.6 4.6 4.5
5.0099 6.88 6.16 85.5 2.3 2.7
10.1633 12.03 11.55 95.3 2.0 2.1
Mean 94.8 – 3.1
Canola 0 – <LQ – – –
3.6800 3.68 4.22 114.7 2.9 2.5
5.0251 5.03 5.55 110.5 8.4 7.6
11.7295 11.73 12.37 105.5 4.2 4.0
Mean 110.2 – 4.7
Sunﬂower 0 – <LQ – – –
2.7260 2.73 2.89 105.9 8.7 8.2
5.5711 5.57 5.43 97.5 4.4 4.5
10.9902 10.99 9.93 90.4 2.4 2.7
Mean 97.9 – 5.1
Overall mean 100.6 – 4.3
* Not included in the overall mean.
E.L.C. Silveira et al. / Fuel 90 (2011) 3485–3488 3487The acyclic chains can present one or two carbon–carbon dou-
ble bonds. Commercial grade lecithin usually contains about 2.2%
of phosphorus [25].
The lecithin used in this work was analyzed and presents
2.23 ± 0.08% w/w of phosphorus.
3.3. Analysis of biodiesel samples
The proposed method was applied in samples of biodiesel from
oils and bovine fat prepared in our laboratory and in a product fur-
nished by an industry that used crude soybean oil in the synthetic
process. The recovery of the method was veriﬁed by introducing
into biodiesel known quantities of phosphorus in the form of leci-
thin. Three determinations were performed in each case. The re-
sults are shown in Table 1.
It can be observed that independent of the ashing temperature,
550 C or 800 C, the quantity of phosphorus found in bovine fat
was the same. These results conﬁrm the lower temperature used,
instead of that suggested in the literature, did not change the re-
sults [21].
The observed recoveries were between 85.5% and 118.1%, with
an overall mean of 100.6%. The observed overall mean relative
standard deviation was 4.3%. Considering the complexity of the
analytical matrix the obtained recoveries can be considered good,
as values between 70% and 120%, with precisions up to 20%, for
normal matrixes and even between 50% and 120%, with precisions
up to 15%, for more complex matrixes can be accepted [22]. There-
fore, based on the observed results it can be considered that the
proposed method of analysis presents good accuracy and precision.
It is interesting to remember that the phosphorus present in
biodiesel comes from the phospholipids contained in oils and fats.
These lipids are generally removed by a process known as degum-
ming, with the consequent removal of phosphorus. Therefore, very
low concentrations of this element are expected in degummed oils
and fats, as observed in the analyzed samples of canola and sun-
ﬂower oils.
The concentrations found for phosphorus in the studied
samples were 1.90 ± 0.18 mg kg1 for the bovine fat and 1.87 ±
0.17 mg kg1 for the biodiesel prepared from crude soy oil. Thesamples prepared from reﬁned canola and sunﬂower oils did not
show any phosphorus, within the quantiﬁcation limit of the
method.4. Conclusion
According the experimental results shown above, the proposed
method presents limits of detection and quantiﬁcation, precision
and accuracy compatible with the biodiesel regulations that estab-
lish a maximum concentration of 10 mg kg1 (EU, USA, Brazil). The
method is easy to be performed and offers results at a relatively
low cost as it can be done with equipment usually present in ana-
lytical laboratories. Therefore, it can be recommended as an alter-
native for the quantitative analysis of phosphorus in biodiesel.
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